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Introduction
Molybdenum (Mo) is one of the most abundant transition metals in the oceans and is important for a range of biological and geochemical processes (e.g. Manheim and Landergren, 1974; Colodner et al., 1995; Morford and Emerson, 1999; Anbar, 2004) . Of particular interest is the highly redox-sensitive behaviour of Mo that is accompanied by significant isotope fractionation, which results in oxic, suboxic, anoxic and euxinic sediments possessing isotopically distinct Mo-isotope compositions (Barling et al., 2001; Barling and Anbar, 2004; Siebert et al., 2003 Poulson et al., 2006; Neubert et al., 2008a) . Consequently variations in δ 98/95 Mo can be utilised as a palaeoredox proxy, and have been used to demonstrate the expansion of reducing marine conditions at a number of times throughout Earth's history (e.g. Arnold et al., 2004; Siebert et al., 2005; Wille et al., 2007; Pearce et al., 2008) . A critical assumption in the application of the Mo-isotope redox proxy in this manner is that the isotope composition of Mo entering the oceans has remained more-or-less constant throughout geological history, and that the net Mo isotope composition of weathered continental material input to the oceans is similar to the mean composition of the continental crust (e.g. Siebert et al., 2003; Anbar, 2004; Arnold et al., 2004) . However, recent measurements of a number of globally significant rivers have shown that the δ
98/95
Mo composition of Mo entering the oceans varies significantly, and displays a range similar to that observed in all geological samples analysed to date (between 0.15‰ and 2.40‰; Archer and Vance, 2008) . Therefore, identifying and understanding the processes that result in Mo fractionation during weathering and riverine transport, in addition to precisely defining the isotope composition of other oceanic Mo sources, is essential for the quantitative application of this isotope system to study past changes in ocean redox chemistry.
This study presents δ 98/95 Mo data for rivers draining basaltic catchments in Iceland. These catchments are essentially monolithological, consequently there is little isotope variation from the weathering of different rock types. Rather they provide an opportunity to study the effects of weathering processes accompanying variations in rainfall, soil, vegetative and glacial cover. The influence of hydrothermal waters and runoff from glacial melting is also assessed. In addition to the dissolved riverine δ 98/95 Mo compositions, Mo isotope data from bedload particulates, colloids and Feprecipitates have also been obtained in order to quantify the processes that control Mo-isotope fractionation in the riverine environment. A δ 98/95 Mo profile through the Borgarfjörður estuary in west Iceland (which drains one of the studied catchments) has also been measured to determine the mixing behaviour of Mo in the estuarine environment. These results are compared with those for other stable and radiogenic isotopes measured in the same or related samples from Iceland (e.g. lithium and magnesium; Pogge von Strandmann et al., 2006 Strandmann et al., , 2008a Gannoun et al., 2006, silicon; Georg et al., 2007, and uranium-series; Pogge von Strandmann et al., 2006 and Vigier et al., 2006) , which provide a framework for understanding the behaviour of the Mo-isotope system.
Geological setting, climate and sample localities

Geological setting and climate
Iceland sits astride the mid-Atlantic ridge, having been formed by crustal accretion at the diverging lithospheric plates. Therefore, most of the island (80-85%) is composed of basaltic volcanic rocks, with minor acidic intrusions and volcanoclasitc sediments (Gislason et al., 1996; Jóhannesson and Saemundsson, 1998) . The basalts increase in age from the centre of the island towards its western and eastern edges, with the symmetrical zonation following the SW-NE trend of the Atlantic ridge (Fig. 1) . The oldest basalts in the northwest and east are ∼ 13 Ma (Moorbath et al., 1968) , whilst the youngest rocks (Quaternary to Recent) are found in the volcanically active zones close to the ridge. The more recently erupted basalts tend to have higher permeabilities, as compaction and the precipitation of secondary minerals reduces the permeability of the older rocks (Sigurdsson and Ingimarsson, 1990; Gislason et al., 1996; Neuhoff et al., 1999) . This difference is also reflected in the nature of the water discharge; surface runoff dominates in the older, less permeable areas, whereas there are fewer surface streams in the younger regions, and glacierand spring-fed rivers are more dominant.
The mean annual temperature of Iceland is 4°C, with a seasonal variability of 15°C. The climate is oceanic boreal climate with annual precipitation rates that vary from 400 mm to 4000 mm, with the southeast of the island receiving almost twice the amount of precipitation as the west (1355 mm/yr versus 776 mm/yr; Georg et al., 2007) . The annual discharge of Icelandic rivers is 170 km 3 (equating to ∼0.45% of global riverine discharge into the oceans), whilst the total size of the island is 103,000 km 2 , representing ∼0.1% of the global land area drained to the oceans (Gannoun et al., 2006) . The flux of suspended load carried by the Icelandic rivers each year is 0.02-0.025 km 3 , which is ∼0.3% of the global annual flux to the oceans (Gislason et al., 1996) . Some 11,260 km 2 (∼11%) of the island is under glacial cover, with the largest icecap being the 8300 km 2 Vatnajökull glacier in the southeast.
Sample localities
Two different regions in Iceland have been investigated (Fig. 1 ). Although both regions are predominantly basaltic, they differ in both bedrock age and in the proportion of glacial and vegetation cover, resulting in different rates of physical and chemical erosion. The first area in southeast Iceland (Fig. 2) has bedrock ages ranging from Quaternary to Recent, and has a number of rivers that are sourced directly from the Vatnajökull glacier. Average physical erosion rates for this area are ∼ 2080 t/km 2 /yr, whilst the average chemical weathering rates are 152 t/km 2 /yr (Gislason et al., 1996; Pogge von Strandmann et al., 2006) . The second region in the west of Iceland (Fig. 3) is underlain by older bedrock (of Tertiary age; ∼ 3.1 Ma), and is dominated by the Hvitá river that is partially sourced by the Langjökull glacier. This catchment area includes several non-glacial tributaries and is more vegetated than the southeast region. The average physical erosion rates are 1090 t/km 2 /yr, and average chemical weathering rates are 72 t/km 2 /yr (Pogge von Strandmann et al., 2006) . The western Iceland catchment area drains into the Borgarfjörður estuary, which is 25 km long and up to 5 km wide (Fig. 3, inset) . The estuary is tidally dominated and well mixed both vertically and horizontally, with water depths that range from 1 to 2 m in the innermost 5 km increasing rapidly to ∼ 100 m by 10 km (Pogge von Strandmann et al., 2008b Strandmann et al., 2006 Strandmann et al., , 2008b . River samples were taken using pre-cleaned bottles from the centre of the flow, whilst estuarine samples were collected by boat from ∼1 m below the water surface using pre-cleaned 10 l Go-Flo bottles. At all sites in situ measurements of pH, temperature, conductivity and total dissolved solid (TDS) content were also made. Each water sample was filtered on the day of collection through a 0.2 µm cellulose acetate filter using a pressurised Teflon unit, to ensure the dissolved load was separated from the suspended load. The total suspended solid (TSS) content was determined using the weight difference of the 0.2 µm filter after a known volume of water had been filtered. The colloidal fraction (N10kD) was collected by subsequent ultrafiltration of the dissolved load using a Sartorius crossflow filter with Sartocon polyethersulphone (PESU) slice cassettes. For some samples, 15 l of filtered water was co-precipitated using an ultrapure iron-oxyhydroxide solution. Although artificial, the resulting ironprecipitates provide an analogue for natural Fe-Mn oxides that form in the river system. Riverine bedload samples were taken where possible, and have been found to contain a mixture of unweathered material and secondary clay phases (Pogge von Strandmann et al., 2006 Mo reproducibility of ±0.12‰ (2 standard deviation; Pearce et al., 2009 ).
Results
Southeast Iceland
Five water samples were analysed from rivers in the southeast region (Fig. 2) . Three samples were taken from close to Vatnajökull glacier (E1, E3 and E5), one sample from further downstream (E7), Fig. 2 Mo composition of the Fe-precipitated phase was determined for samples E2 and E3, and both yield a light isotope composition of −0.65‰ and −0.23‰ respectively. Analytical uncertainties for some samples are higher than expected from the long-term δ
98/95
Mo reproducibility (ranging from 0.16‰ to 0.40‰; Table 1), and predominantly reflect the low Mo content of the samples.
West Iceland
A total of 12 riverine samples were analysed from tributaries in the Borgarfjörður catchment area in the west of Iceland (Fig. 3) . The bedload, colloid and Fe-precipitate fractions of the same samples were analysed where possible, and Deildartunguhver hydrothermal spring close to the centre of the studied area was also sampled. This hydrothermal spring is one of the largest in Iceland, and has the highest fluid discharge rates of any hydrothermal source in Europe of ∼200 l/s, with fluids reaching the surface at ∼100°C (Kristmannsdóttir et al., 2005) . Samples A15 and A16 taken from closest to the Langjökull glacier and have the heaviest riverine δ Mo ranging from 0.39‰ to 1. 01‰ and [Mo] varying between 1.86 nM and 3.95 nM ( Fig. 3 ; Table 1 ). The only exception to this is sample A9, which has a lighter δ Mo compositions were also determined for samples A4 (0.11‰) and A12 (0.72‰).
Borgarfjörður estuary
Samples from Borgarfjörður estuary show an initial abrupt increase in δ 98/95 Mo, rising from 0.52‰ to 2.30‰ over a distance of ∼3.5 km ( Fig. 3 ; Table 2 ). This is followed by a more gradual increase in the rest of the estuary to a maximum δ (2006, 2008a) .
Sample concentrations are given in nmol/l for the dissolved and colloidal phases and in ng/g (or mg/g or µg/g) for the Fe-precipitate and bedload phases.
Sample Type 5. Discussion
Sources of dissolved riverine Mo
River sources vary in Iceland as a function of the age of the underlying bedrock, with spring-fed rivers dominating the younger regions and surface runoff rivers being more prevalent in olderterrains (Gislason et al., 1996) . In addition several rivers are completely dominated by glacial discharge. These differences in river type are reflected in the chemical composition of the dissolved load, as well as the TDS, TSS and other physical characteristics Pogge von Strandmann et al., 2006 . The different sources of dissolved Mo in the rivers analysed in this study are reflected in the δ
98/95
Mo values (Fig. 4) , and suggest three main Mo-inputs; glacial ice, dissolution of the basaltic bedrock, and hydrothermal Mo. Contamination from Mo in seawater is also apparent in sample E2, which was collected from Jökulsárlón, a glacial lagoon (Fig. 2) .
Glacial ice
The δ
98/95
Mo composition of glacial ice has not been measured directly due to the extremely low concentration of Mo. Nevertheless, δ 98/95 Mo ice can be inferred from sample A15 that was taken 300 m from the edge of Langjökull glacier at the top of Hvítá River ( Mo composition versus the total dissolved solid (TDS) content for all samples. Black data points represent samples analysed from southeast Iceland, whilst white data points represent samples from the western catchment area. The star denotes the hydrothermal spring sample. The mixing line between samples A15 and A16 implies a heavy δ Mo variation observed in igneous rocks measured to date. Differences between the southeastern and western samples (inset) suggest that physical weathering processes transfer Mo into solution without isotopic fractionation, whilst an increasing degree of chemical weathering during Mo transportation preferentially removes light Mo-isotopes, leaving the residual dissolved load isotopically heavy. discharge in this sample is reflected by its low pH (6.46), temperature (1.5°C) and TDS content (0.73 mg/l). In addition, the δ Mo composition of sample A15 (1.77‰) is the heaviest riverine value measured in this study, suggesting that glacial ice has an isotopically heavy Mo composition. This is supported by the δ
Mo composition of sample A16 (1.10‰), which comes from slightly further away from the edge of Langjökull (at the top of Grimsá river; Fig. 3 Mo with the TDS content of both samples (Fig. 4) Mo seawater =2.4‰; Barling et al., 2001; Siebert et al., 2003; Pearce et al., 2009) , as this is ultimately the source of the water within the glacier (via rain and snowfall), and there is no evidence for significant anthropogenic pollution in this part of Iceland (Caritat et al., 2005) . The preservation of such heavy δ
Mo values in glacial ice also suggests that Mo-isotopes are not significantly fractionated during the evaporation-precipitation process, or repeated freeze-thaw processes within the glacier. This behaviour is similar to that seen for other stable isotope systems, such as Li (Pogge von Strandmann et al., 2006) , Mg (Pogge von Strandmann et al., 2008a) and Si (Georg et al., 2007) . The heavy δ
Mo ice composition suggests that precipitation may also directly supply isotopically heavy Mo to the river system, although the very low concentrations of Mo expected within rainwater suggest that it is unlikely to have a significant effect on riverine δ
Mo compositions.
Underlying bedrock
Unlike samples A15 and A16 from close to Langjökull glacier in western Iceland, those taken from the vicinity of Vatnajökull glacier in the southeast of Iceland (samples E1, E3 and E5) have δ
98/95
Mo values of ∼ 0‰ (Figs. 2 and 4 ). Whilst these samples also have low temperatures and TDS contents, their TSS content is much higher, ranging from 1890 mg/l to 2790 mg/l (in comparison to values of 559 mg/l and 364 mg/l for samples A15 and A16 respectively). The higher content of suspended material in the southeastern glacial rivers implies they are dominated by physical weathering processes associated with active flaciation, both beneath and adjacent to the Vatnajökull glacier (Pogge von Strandmann et al., 2006) . In addition, high pH values in the sub-glacial fluids (resulting from the isolation from atmospheric CO 2 ) promote the dissolution of Al-silicates such as basaltic glass and feldspars (Gislason and Oelkers, 2003; WolffBoenisch et al., 2006) . Molybdenum concentrations in Icelandic basalts are relatively high (typically higher than the ∼ 1 ppm continental average; Arnórsson and Óskarsson, 2007) . As a result the dissolved Mo content of these rivers is likely to be dominated by the dissolution of the underlying bedrock. The fact that the δ
Mo composition of samples E1, E3 and E5 is the same as that of the underlying bedrock (i.e. ∼0‰; Siebert et al., 2003; Pearce et al., 2009) implies that the direct transfer of Mo from bedrock to solution during basalt weathering occurs with little accompanying isotope fractionation. This is consistent with leaching experiments on granite, which show that the Mo released is isotopically indistinguishable from the source rock (Siebert et al., 2003) .
Hydrothermal Mo
The third isotopically distinct Mo source identified in the Icelandic rivers is hydrothermal fluids. Water taken from Deildartunguhver hydrothermal spring in the Borgarfjörður catchment (sample B4; Fig. 3 Mo compositions within the source fluid as a consequence of Rayleigh fractionation effects (Hannah et al., 2007) .
The influence that the very light δ
98/95
Mo hydrothermal value has on the composition of the dissolved Mo load in the Icelandic rivers can be seen in three of the analysed samples. Samples A9, A13 and E7 have similar δ
Mo compositions of ∼ 0.5‰ (Fig. 4) , which are lighter than the values of samples measured at similar points on the rivers course (Fig. 3) . These samples also have higher [Mo] , SO 4 2− concentrations and TDS contents, and slightly higher temperatures (Table 1) that are suggestive of an, at least, partial hydrothermal Mo component in the dissolved load (Pogge von Strandmann et al., 2006) . Hydrothermal contamination is certainly expected in sample A9, which was taken from close to the Deildartunguhver hydrothermal spring (Fig. 3) . Similarly, sample E7 comes from a river that occasionally drains subglacial geothermal lakes under the western Vatnajökull glacier (Johannesson et al., 2007) .
Mo-isotope fractionation during weathering and riverine transportation
Although the three main Mo sources have isotopically distinct compositions, δ
98/95
Mo values in most of the analysed Icelandic rivers cannot be attributed to the simple mixing of these inputs. Measured riverine δ
Mo compositions vary from −0.13‰ to 1.01‰ (if the effects of glacial ice and seawater are discounted), and the observation that these values are predominantly heavy implies that most Mo in the dissolved phase is not hydrothermally sourced. Inferred concentrations of Mo in glacial ice are too low to significantly impact riverine δ
Mo compositions away from the glacial edge, and are therefore unlikely to be the cause for the observed positive values. Lithological variations are known to affect the Mo-isotope composition of the dissolved phase over geographically short distances (e.g. Archer and Vance, 2008; Neubert et al., 2008b) . However, such effects cannot account for the N1‰ variation recorded in this study, because the δ Mo values within the dissolved load of these Icelandic rivers must reflect fractionation processes occurring during the weathering and transport of Mo.
If it is assumed that most Mo in the dissolved phase is derived from the underlying bedrock (e.g. Arnórsson and Óskarsson, 2007) , then only samples E1, E3 and E5 from southeast Iceland display the expected basaltic δ
Mo composition of ∼0‰. These samples were taken from close to Vatnajökull glacier, in a region where high rates of physical erosion and sub-glacial dissolution of basaltic glass enable Mo to be directly transferred from bedrock to solution without significant fractionation (Section 5.1.2). In contrast, riverine δ
Mo compositions from western Iceland vary from 0.39‰ to 1.01‰ (excluding samples A15 and A16 that have significant glacial-ice contributions), and generally increase with distance from the source (such that lighter δ
Mo values are found upstream and heavier δ
Mo values occur downstream; Fig. 3 ). This is particularly clear when samples taken from different points on the same river or tributary are compared. For example; the Nordurá tributary increases from 0.71‰ (A11) to 0.96‰ (A6), whilst Hvitá River progressively rises from 0.39‰ (A12) to 0.60‰ (A8) to 0.90‰ (A4). Given that the δ
Mo composition of the basaltic bedrock is unlikely to change significantly within this area, this increase in δ 98/95 Mo is likely to reflect the progressive removal of isotopically light Mo along the river profile.
The preferential removal of light Mo-isotopes from the dissolved phase during weathering and riverine transportation has been observed in other river systems (Archer and Vance, 2008) , and two possible fractionation mechanisms have been proposed to account for this process: (1) Removal of isotopically light Mo from river water via adsorption to the particulate load during transportation; (2) Fractionation during weathering, with the retention of light Mo-phases in soils and on secondary clay minerals or Fe-Mn oxides, or colloids. To assess which of these processes is likely to be responsible for the fractionation in the Icelandic rivers, the particulate Mo fraction (colloidal, Fe-precipitate and bedload) for a selection of samples was analysed ( Fig. 5 ; Table 1 ). The particulate phases were found to be isotopically lighter than the dissolved load, and consequently act as a sink for isotopically light Mo. Interestingly, however, the δ
Mo composition of the particulate phases also appears to follow the composition of the dissolved Mo (Fig. 4) . As a result the net offset between the dissolved load and the particulate phase remains constant within the river course; Δ 98/95 Mo dissolved-Feprecipitate in the analysed Icelandic rivers is −0.51‰, whilst Δ
Mo dissolved-colloid is −0.85‰ (although this represents the minimum extent of fractionation, as the colloidal fraction was not removed from the dissolved load prior to analysis). This, combined with the low concentration of Mo within the riverine particulate fraction (e.g. Kawakubo et al., 2002; Archer and Vance, 2008) , suggests that the adsorption of isotopically light Mo to particulate phases within the river itself cannot be driving the dissolved load to heavier δ
Mo compositions. Consequently the progressive increase in riverine δ 98/95 Mo values in the western catchment is thought to be caused by the addition of isotopically heavy groundwater that has passed through regolith profiles, within which isotopically light Mo is removed via adsorption and/or incorporation to secondary phases. This is consistent with preliminary Mo-isotope results from soil profiles (Pett-Ridge et al., 2008) , and suggests that the dissolved load in the studied catchment may not become isotopically heavier than ∼ 1‰ due to the limited development of soil and vegetation in the upper reaches of the catchment. Regardless of the fractionation mechanism, these results demonstrate that the dissolved load, colloids and suspended particulates remain coupled throughout the Mo transport process, as observed for uranium-series isotopes elsewhere (Porcelli et al., 1997; Andersson et al., 1998) .
Borgarfjörður estuary δ 98/95 Mo profile
Molybdenum behaves conservatively in the oceans, with a uniform concentration of ∼ 120 nM and δ 98/95 Mo composition of ∼ 2.4‰ (Barling et al., 2001; Siebert et al., 2003; Anbar, 2004; Pearce et al., 2009) . The relatively high abundance of Mo in present-day seawater reflects the stability of the dissolved MoO 4 2− species under oxidising conditions (Savenko, 1996) , and results in a long oceanic residence time of ∼ 780 kyr (Manheim and Landergren, 1974; Colodner et al., 1995; Morford and Emerson, 1999) . Because aqueous MoO 4 2− is chemically inert, river water and seawater are expected to exhibit a simple mixing behaviour between δ
98/95
Mo and [Mo] in the estuarine environment. Such a relationship is observed in most of the samples taken from the Borgarfjörður estuary (Fig. 6a) , and has also been seen in the Itchen estuary of SE England (Archer and Vance, 2008) . Samples C6 and C9 in the Borgarfjörður estuary have δ 98/95 Mo compositions slightly below the expected mixing trend, which are likely to reflect the input of isotopically lighter riverine Mo from nearby tributaries (Fig. 3) . Surprisingly, estuary samples taken from closest to the river mouth (C1 and C2) have δ
Mo and [Mo] values markedly below that of the incoming river water (as reflected by sample A4; 0.90‰, 3.15 nM). It is possible that this deviation from the expected mixing behaviour reflects natural variations in the water shed under different metrological and/or tidal conditions. However, a decrease in δ 98/95 Mo in the low salinity mixing zone is also consistent with the release of light Mo-isotopes adsorbed to the particulate phases: colloidal Mo is 0.79‰ lighter than the dissolved Mo close to the river mouth (Fig. 5) , and the release of this isotopically light fraction due to the change in salinity in the estuary may result in the observed 0.38‰ decrease in δ 98/95 Mo. Desorption of light Mo from the particulate phase is also consistent with a non-conservative behaviour of U and a decrease in δ 7 Li observed in the same samples (Fig. 6b; Pogge von Strandmann et al., 2008b) . The desorption of isotopically light Mo from the particulate phases does not concur, however, with the decrease in [Mo] observed in the low salinity zone. The non-conservative behaviour of Mo in this manner has been recorded in other coastal regions (e.g. Dellwig et al., 2007) , and may relate to Mo-scavenging by of organic-matter and/or changes in redox conditions within the estuarine sediments. This suggests that whilst Mo Mo dissolved-colloid fractionation of −0.85‰. exhibits a predominantly simple mixing relationship in estuarine environments, non-conservative behaviour may occur in the low salinity zone of, at least, some estuaries.
Implications for oceanic Mo-isotope budgets
The input of isotopically heavy dissolved Mo into the oceans, demonstrated in this study and other studies of rivers (Archer and Vance, 2008; Neubert et al., 2008b) , is at odds with the value inferred from the mean δ
98/95
Mo composition of continental rocks of ∼0‰ (Barling et al., 2001; Siebert et al., 2003) . This has important consequences for the use of the δ
Mo system to model the extent of marine anoxia in the geological record, as discussed by Archer and Vance (2008) . An isotopically heavy δ 98/95 Mo input composition assumes, however, that all Mo entering the oceans from rivers is in the dissolved phase; it does not take into account the potential release of isotopically light Mo from particulate phases, or the continued dissolution of the continental material within the estuaries and/or oceans. Comparison of the dissolved, colloidal and suspended phases in sample A8 (near the centre of Hvitá River) demonstrates that in this instance the true dissolved load only accounts for ∼ 40% of Mo reaching the oceans, and that most Mo resides in the suspended fraction with only a small proportion (b3%) being associated with the colloids (Table 3 ). The small proportion of Mo in the colloidal phase means that, even though it is isotopically lighter than the dissolved load, the complete release of Mo from this phase is unlikely to significantly affect oceanic δ 98/95 Mo. In contrast, given that high-relief and tectonically active volcanic islands such as Iceland contribute over 45% of suspended material to the oceans (Milliman and Syvitski, 1992; Gaillardet et al., 1999) , and that up to 0.05% of the Icelandic suspended material dissolves in seawater each day (Stefansdottir and Gislason, 2005; Gislason et al., 2006) , the release of Mo from the suspended load may have a significant impact on δ
Mo seawater . This is supported by the experimentally determined dissolution rates of basalt in seawater (Gislason and Oelkers, 2003; Oelkers et al., 2009) , and evidence for Li isotopic variations in the suspended material of Borgarfjörður estuary (Pogge von Strandmann et al., 2008b) . Assuming that the mean annual discharge of Hvitá River is 2.52 km 3 (Gannoun et al., 2006) , then~15,600 mol/yr of Mo is transported to the oceans from this catchment area in the west of Iceland (Table 3) Whilst the release of Mo from the weathering of the suspended load in the oceans will probably not to go to completion, these calculations demonstrate that the true isotopic composition of Mo entering the oceans is likely to be below that inferred from the dissolved load alone, and should be taken into consideration in future Mo-isotope studies.
Conclusions
River samples in southeast and west Iceland display dissolved δ 98/ 95 Mo compositions that vary from − 0.13‰ to 1.77‰. These Li is from Pogge von Strandmann et al. (2008b) . Black data points in (A) define a conservative mixing behaviour between the riverine and seawater end members, whilst the samples shown in white lie off this trend (see text for details). Note that the river mouth composition in (B) is defined as that of sample A4, although in reality this sample was taken from slightly further upstream, away from tidal influences (Fig. 3) . A reduction in the dissolved isotopic composition of both Mo and Li occurs in the low salinity mixing zone (B), which suggests that isotopically light Mo and Li phases adsorbed to colloidal and particulate fractions in the river water may be released upon a change in salinity.
Table 3
Proportion of Mo carried by the three main riverine phases (colloidal, dissolved and suspended) in Hvitá River, west Iceland. All calculations are based on the composition of sample A8, and fluxes have been determined using an annual discharge rate of 2.52 km 3 /yr (Gannoun et al., 2006 Mo with distance from source (from 0.39‰ to 1.01‰), which is thought to reflect the removal of light Mo-isotopes from the dissolved phase during weathering processes. The δ
98/95
Mo composition of the particulate fraction (colloidal, bedload and Fe-precipitate) measured in a selection of samples shows that these phases are all isotopically lighter then the dissolved load, and may act as a sink for isotopically light Mo. However, the net offset between the dissolved load and the particulates remains constant throughout the river course, meaning that the adsorption of isotopically light Mo to particulate phases within the river cannot be driving the dissolved load to heavier δ
Mo compositions. Most isotopically light Mo is therefore thought to be removed via adsorption and/or incorporation to secondary phases within soils, resulting in the addition of isotopically heavy groundwater to the river.
Most samples taken through the Borgarfjörður estuary in western Iceland display a simple mixing relationship between the river water and seawater end members, indicative of the conservative behaviour of Mo in the estuarine and marine environments. Waters from the low salinity mixing zone deviate slightly from this trend, however, as two estuarine samples have δ 98/95 Mo and [Mo] below that of the riverine input. This suggests that, in the Borgarfjörður estuary, at least, the salinity gradient may result in the release of isotopically light Mo from colloidal or particulate phase, and the simultaneous scavenging of dissolved Mo. Furthermore, mass balance of the different Mo-phases entering the ocean at Borgarfjörður estuary demonstrates that whilst Mo in the dissolved load is isotopically heavy (with respect to the weathered bedrock), the net isotopic offset from the lithogenic source may be considerably less if continued weathering of the colloidal and suspended phases in the marine environment is taken into consideration.
